We examined the upregulation of ET-1/ETBR/eNOS signaling in 
Introduction
Kidney fibrosis leads to end stage renal damage as a final common pathway of chronic kidney diseases (CKD). It is characterized by myofibroblast formation and renal ischemia (Asada et al. 2011) . Unilateral ureteral obstruction (UUO), as a model of kidney fibrosis induces lumen tubular pressure elevation, epithelial injury and tubulointerstitial fibrosis (Chevalier et al. 2009 , Nath 1992 . Renal ischemia can be produced by renal fibrosis. In the 5/6-subtotal nephrectomy model, renal ischemia occurs due to reduction of angiogenesis and vascular endothelial growth factor (VEGF) (Kang et al. 2002) . Capillary loss also occurs in renal fibrosis due to detachment of pericyte in renal microvascular myofibroblasts (Lin et al. 2008 , Humphreys et al. 2010 . Hemodynamic changing in CKD may induce arterial remodeling which is influenced by activation of the renin-angiotensin system (RAS), endothelin-1 (ET-1), S138 Arfian et al. Vol. 67 endothelial dysfunction, oxidative stress and asymmetric dimethylarginine (ADMA), as well as the anti-aging molecule Klotho (Briet and Burns 2012) .
ET-1, the most potent vasoconstrictor, plays a role in kidney physiology and pathology (VignonZellweger et al. 2012) . ET-1 transgenic mice undergo spontaneous kidney fibrosis without hypertension (Hocher et al. 1997) . ET-1 deletion from endothelial cells (EC) also has protective effects in acute kidney injury model from ischemic/reperfusion injury (Arfian et al. 2012) . ET-1 and endothelin converting enzymes-1 (ECE-1) have been known to play roles in fibrosis of many organs due to diabetic induction and bleomycin treatment , Hartopo et al. 2013 . ET-1 works with two types of G-protein coupled receptors, endothelin A receptor (ETAR) and endothelin B receptor (ETBR). ETAR induces vasoconstrictors, while ETBR induces vasodilators due to endothelial nitrite oxide synthase (eNOS) production . Reduction of NO synthases' expression plays a role in the mechanism of kidney diseases. Disruption of all NO synthases accelerates renal damage in UUO model (Morisada et al. 2010) . eNOS knockout attenuates the improvement of diabetic nephropathy after using renin-angiotensin blocker (Kosugi et al. 2010) . ET-1/ETBR with NO production from collecting ducts serves as renoprotective effects in regulating arterial pressure and sodium excretion (Ahn et al. 2004 , Ge et al. 2006 . On the other hand, ET-1 and ETAR activation in capillary vessels induces intrarenal artery remodeling in the kidney ischemia/reperfusion injury model. Reduction of ET-1 from EC reduces wall thickness and may be associated with ETAR reduction (Arfian et al. 2012) . Reduction of NO might induce vasoconstriction produced by endothelial damage (Bonventre and Yang 2011). Vascular remodeling and kidney fibrosis have also been reported in mice with deletion of prolyl hydroxylase domain protein-2 from endothelial cells (Wang et al. 2017) . Similar research has concluded that molecules which regulate vessel tonus balance such as ET-1 and NO influence vessel remodeling (Bourque et al. 2011 , Ye et al. 2003 .
Vitamin D has been reported to attenuate kidney fibrosis in UUO model due to reduction of myofibroblast formation, inflammation and tubular cell apoptosis (Arfian et al. 2016) . Vitamin D regulates endothelin-1 and NO production in endothelial cell culture (Martínez-Miguel et al. 2014) , however the role of the interaction in the pathology of diseases has not been fully known yet. Here we reported ET-1/ETBR/eNOS upregulation in renoprotective effects of vitamin D and relate this finding to attenuation of vascular remodeling and ischemic conditions due to kidney fibrosis.
Methods

Animal subjects and UUO models
This study was done based on our previous result (Arfian et al. 2016) . Male Swiss Webster mice (8-10 weeks old, n=15, 30-50 g) were used for the experiments. Ethical clearance was approved by the Ethical Committee of Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia, with number KE/FK/29/EC/2016. Mice were housed in the Department of Anatomy, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada, with the light-dark cycle of 12:12 h, food and water ad libitum. UUO/ureter ligation was performed to induce kidney fibrosis. Briefly, mice were anesthetized with sodium pentobarbital (0.1 mg/kg body weight). The right flank's region was opened, and the right ureter was visualized then double ligated, then cut between the ligation sides. Sham operation (SO) procedure was used for the control group with the same procedure except for ligating and cutting the ureter. Subjects were divided into 3 groups, i.e. SO (SO + ethanol 0.2 %, n=6), UUO (UUO + ethanol 0.2 %, n=6), UUO + VD (UUO + Calcitriol 0.125 µg/kg, n=6). Vitamin D dose was determined based on our previous result that confirmed there was no independent dose of vitamin D in attenuating kidney fibrosis. Vitamin D treatment was done with intraperitoneal injection of Calcitriol (Cayman ® , 0453406-2) that was diluted with ethanol 0.2 %. Mice were euthanized at day 14 after operation.
Kidney harvesting
For kidney harvesting, mice were anesthetized with sodium pentobarbital (0.1 mg/kg body weight, ip), then the abdomen and thorax were opened. Perfusion was done with 0.9 % NaCl from the left ventricle. Right kidney tissues were harvested, and one half side was kept in RNA Later (Ambion, 7021) for RNA extraction and the other half was fixated in normal buffer formalin for 24 h, and used for the paraffin embedded tissue process.
Histological analysis of lumen areas in intrarenal arteries
Paraffin sections were de-paraffinized, and stained with Sirius Red (SR) to quantify vessel lumen areas and lumen/wall area ratio (LWAR), and for assessment of vascular remodeling. Ten to fifteen intrarenal arteries with 10-50 µm in diameter were captured and used for quantification of lumen areas and LWAR. Quantification was conducted using ImageJ software.
HUVEC cell culture in ischemic conditions
HUVECs were cultured in HuMedia added with antibiotic-antimycotic and 10 % fetal bovine serum. siRNA ET-1 (Dharmacone, M-016692-02-0005, siGENOME EDN1) was performed using LipofectamineRNAimax (Invitrogen, 13778-075) mixed with Optimem based on manufacturer's instructions. A day after siRNA for ET-1, HUVEC were treated with 100 nM Calcitriol and put in hypoxic bags. Hypoxic condition was induced for 30 min in the HUVECs culture using a hypoxic bag with an oxygenometer. Briefly, HUVEC were cultured in a 6 cm dish. Hypoxic bags with an oxygen absorbent device were prepared and we waited for them to reach less than 2 % of oxygen content. Then, we put the dish (HUVEC with and without 100 nM Calcitriol treatment) in the hypoxic bag for 24 h. After that, RNA was extracted using Trizol and we quantified the mRNA expression of ET-1 and eNOS using RT-PCR.
RNA extraction, cDNA making and real time-PCR (RT-PCR)
RNA was extracted from kidney tissue using Trizol (Invitrogen, 1559-018, Paisley, UK). cDNA was synthesized using ReverTra-Ace (TOYOBO Co., Ltd, TRT-101). Real Time PCR (RT-PCR) was done for examining the expression of the following genes: pre-pro-ET-1/ET-1 mRNA (forward, 5'-GCCACAGAC CAGGCAGTTAGA-3'; reverse, 3'-CACCAGCTGCTG ATAGATACACTTC-5'), eNOS (forward, 5'-GTCCTG CAAACCGTGCAGAG-3'; reverse, 3'-TGGGTGCGC AATGTGAGTC-5'), ETBR (forward, 5'-CATGCGCAA TGGTCCCAATA-3'; reverse, 3'-GCTCCAAATGGC CAGTCCTC-5'), ETAR (forward, 5'-GCTGGTTCCCTC TTCACTTAAGC-3'; reverse, 3'-TCATGGTTGCCA GGTTAATGC-5'), VEGF (forward, 5'-CAGTTCGAG GAAAGGGAAAGG-3'; reverse, 5'-CACGTCTGCGGA TCTTGGAC-3'), and GAPDH (forward, 5'-TTGCTG TTGAAGTCGCAGGAG-3'; reverse, 5'-TGTGTC CGTCGTGGATCTGA-3') was used as reference. Meanwhile we used the following genes for human prepro-ET-1/ET-1 mRNA (forward, 5'-CAGAGGAAC ACCTAAGACAAACC-3'; reverse, 3'-GTGGGTCAC ATAACGCTCTC-5'), human eNOS (forward, 5'-GGC ATCACCAGGAAGAAGACC-3'; reverse, 3'-TCACTC GCTTCGCCATCAC-5') and GAPDH (forward, 5'-GCA CCGTCAAGGCTGAGAAC-3'; reverse 3'-TGGTGA AGACGCCAGTGGA-5').
Statistical analysis
Data were analyzed using SPSS 22 software for Windows. Data normality test was conducted using Shapiro-Wilk test and one-way ANOVA for normal data distribution and Kruskal-Wallis test for abnormal data distribution. The significance level was p<0.05.
Results
Vitamin D attenuated vascular remodeling, but induced ET-1 mRNA expression upregulation
Quantification of lumen areas in intrarenal arteries revealed significantly lower lumen areas in UUO group, which were followed by reduction of lumen and wall area ratio ( Figs 1A and 1B) . However, UUO+VD group had significantly higher lumen areas and LWAR compared to the UUO group. There was no significant difference between the UUO+VD and SO group. Quantitative RT-PCR analysis revealed higher expression of ET-1 mRNA in the UUO group (Fig. 1D) . Interestingly, vitamin D treatment induced significant higher expression of ET-1 mRNA (p<0.05 vs. UUO). UUO group also had significant higher ETAR mRNA expression compared to SO (p<0.05, Fig. 1E ), however there was no difference between UUO and UUO+VD groups.
Higher mRNA expression of ETBR and eNOS associated with ischemia lessening in UUO+VD group
UUO group had significant lower mRNA expression of ETBR and eNOS compared to SO (Figs 2A and 2B) . The increased ET-1 mRNA expression in the UUO+VD group was associated with significantly higher expression of ETBR and eNOS mRNA compared to the UUO group. Quantitative RT-PCR showed reduction of CD31 mRNA expression as a marker of endothelial cells in the UUO group, which revealed ischemic conditions after UUO. On the other hand, higher expression of CD31 mRNA was found in the UUO+VD group compared to UUO (Fig. 2C ). This finding might associate with higher expression of VEGF in the VD treated group (Fig. 2D) . 
Increased expression of eNOS in HUVEC after vitamin D treatment was modulated by ET-1 with and without hypoxic condition
To elucidate the possible modulation of ET-1 in the renoprotective effects of vitamin D, we cultured HUVEC and did siRNA of ET-1, then treated it with vitamin D. The results showed that siRNA of ET-1 (siRNA ET-1 group) produced significantly lower expression of ET-1 mRNA expression (p<0.05 vs. control) with and without vitamin D treatment. Quantification of eNOS mRNA expression showed upregulation of eNOS mRNA expression in vitamin D 100 nM treatment (p<0.05 vs. control), further more siRNA of ET-1 reduced eNOS mRNA expression (Fig. 3C) .
To examine the effect of hypoxic conditions, we put HUVEC with and without siRNA of ET-1 and vitamin D treatment in hypoxic condition. Quantitative RT-PCR analysis showed higher expression of eNOS and ET-1 mRNA in the vitamin D treatment group. Meanwhile, siRNA of ET-1 reduced eNOS expression in vitamin D treated HUVEC in hypoxic conditions. Our findings seemed to indicate that ET-1 might modulate the effect of vitamin D in inducing eNOS expression.
Discussion
Continuing our previous result about the renoprotective effects of vitamin D in kidney fibrosis (Arfian et al. 2016) , we analyzed the effect of vitamin D in vascular remodeling of intrarenal arteries and eNOS production. Vascular remodeling represents structural changing like hypertrophy or hyperplasia of vascular smooth muscle cells and extracellular matrix components which induce changing of the mechanical function of artery. A resistant artery is an artery that undergoes remodeling, especially in metabolic and cardiovascular diseases (Palen and Matrougui 2008). Here, we reported a reduction of lumen areas in intrarenal resistant arteries with diameter 10-50 µm due to UUO. Structural changing of an artery can be analyzed by the change of vessel diameter (Palen and Matrougui 2008), while remodeling induces reduction of vessel diameter or inward remodeling and increased vessel diameter or outward remodeling (Korshunov et al. 2007) . The ratio between wall and lumen area is an important parameter physiologically, because it is also associated with wall thickness (Folkow 1983) . Here, we also reported the reduction of lumen and wall area ratio in the UUO group. S142 Arfian et al.
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Meanwhile, vitamin D might ameliorate vascular remodeling as shown by increased lumen area and lumen/wall area ratio in the vitamin D treated UUO group.
Endothelin-1 as a potent vasoconstrictor has been reported to play a role in vascular remodeling in many pathological conditions. ET-1 transgenic mice had high wall to lumen ratios with increasing ROS formation (Amiri et al. 2004) . ET-1 and ETAR axis may contribute to the vascular remodeling in kidney ischemic/ reperfusion injury. Reduction of ET-1 from EC reduced ETAR expression in vascular smooth muscle cells. Furthermore, deletion of ET-1 in endothelial cells attenuated kidney ischemic conditions with reduction of vascular remodeling and intrarenal arterial wall thickness (Arfian et al. 2012) . ET-1 blockers also ameliorate vascular remodeling parameters in mice with diabetic model (Abdelsaid et al. 2014) . ETAR antagonist reduced vessel remodeling and increased renal blood flow to 70 % in less than 24 h after UUO. We observed increasing vascular remodeling with reduction of lumen area and LWAR in UUO might associate with significant higher ET-1 and ETAR mRNA expression. On the other hand, we found significant higher expression of ET-1 mRNA expression with no significant difference of ETAR mRNA expression in UUO+VD group (Fig. 1) . Although ET-1 mRNA expression represents the mature ET-1 protein level it may be important also in the next study to examine the ET-1protein level as a priority.
Vasoconstrictor and vasodilator balance might play a role in regulating vascular remodeling in UUO. It is reported that, besides ET-1, NO plays an important role in regulating vessel tonus and remodeling (Bourque et al. 2011 , Ye et al. 2003 . Renal vasculature also has high sensitivity to NO (Lahera et al. 1991) . NO released in the medulla induces local blood flow and improves RBF in CKD model (Savard et al. 2012) . Quantification of eNOS mRNA expression revealed vitamin D treatment increased eNOS expression in UUO (Fig. 2A) . As a result, we concluded that vitamin D treatment induced eNOS and ET-1 levels. ET-1 might induce NO production through activation of ETBR expression. We showed here that ETBR also increased after vitamin D treatment (Fig. 2B) . However, we could not find significant difference in ETAR expression in UUO group and UUO+VD group (Fig. 1D) . Endothelin-1 and NO not only regulates vascular tones of the arteries, but also has complex interaction and function in vascular homeostasis. NO inhibits platelet aggregation, monocyte adhesion and smooth muscle proliferation. Meanwhile ET-1 contributes to vascular remodeling and enhancing vascular remodeling (Rubanyi and Polokoff 1994) . Endothelial cells play roles in regulating ET-1 and eNOS production (Sakurai and Sawamura 2003) . EC derived NO permanently inhibits the synthesis (Boulanger and Lüscher 1990, Kourembanas et al. 1993 ) and the vasoconstrictor effects , Ito et al. 1991 of ET-1. On the other hand ET-1 may stimulate NO production with activation of endothelial ETB receptors in EC . Reduction of eNOS and upregulation of ET-1 due to UUO in this model might not only induce vascular remodeling, but also endothelial damage that leads to renal damage.
Deletion of eNOS in mice increased severity of kidney injury, meanwhile a NO donor inhibited the process (Morisada et al. 2010) . eNOS and VEGF reduction occurs in an obstructed kidney (Sun et al. 2012) , furthermore eNOS downregulation becomes one of the early signs of renal fibrosis (Sun et al. 2013a) . Downregulation of eNOS induces phosphorylation of Smad3 with JNK modulation and increases fibroblast proliferation and collagen synthesis (Sun et al. 2013a) . We assumed that vitamin D effect on eNOS upregulation associated with ET-1 and ETBR mRNA higher expression.
Hypoxia may play some roles in renal fibrosis and induces vascular remodeling. Hypoxia induces vascular remodeling in the pulmonic hypertension model (Blumberg et al. 2003) . Interstitial fibrosis in UUO is initiated with hypoxic conditions due to activation of Hypoxia-Inducible Factor-1α (HIF-1α) and Epithelial-toMesenchymal Transition (EMT). Activation of HIF-1α pathways was signaled by upregulation of HIF-1 in UUO mice model (Higgins et al. 2007) . Furthermore, renal ischemia also occurred in CKDs models. Activation of pericyte of microvascular induced myofibroblast formation and fibrosis. Detachment of pericyte from abluminal side of microvessels led to capillary loss and ischemia (Grgic et al. 2012) . ET-1 and ETAR expression has also been known to be induced by hypoxic conditions (Li et al. 1994) . In this study, UUO induced ischemia condition through reduction of capillaries which was shown by downregulation of CD31 and VEGF mRNA expression ( Figs 2C and 2D ). On the other hand vitamin D treatment ameliorated CD31 and VEGF mRNA expression in UUO. Vitamin D deficiency (VDD) might induce reduction of renal microvasculature, as shown by a study using VDD model. Inducing ischemic/reperfusion injury led to more reduction of microvascular fraction in VDD conditions (Braganca et al. 2016) . Vasculature has an important role in vitamin D activation. Normal vitamin D level is important for protecting vascular systems from endothelial dysfunction and vascular diseases, including atherosclerosis (Kienreich et al. 2013 ). Attenuation of renal ischemia in our study might be due to increased expression of VEGF. VEGF levels are reduced in many models of renal diseases, especially in proximal tubuli. Low VEGF levels with angiogenesis reduction have been reported in renal ablation model, and furthermore VEGF supplementation ameliorates angiogenesis and ischemia (Kang et al. 2001) . One in vitro study also reported that vitamin D induces VEGF expression and led to improving angiogenic properties of endothelial progenitor cells (Grundmann et al. 2012) . Taken together, vitamin D might improve VEGF and lead to reduction of renal microvascular loss in UUO.
In this study, we elucidated the possible role of ET-1 in eNOS expression in EC culture with and without vitamin D treatment in hypoxic conditions. Using siRNA of ET-1 we could reduce ET-1 mRNA expression (Fig. 3A) . Vitamin D 100 nM treatment induced ET-1 and eNOS mRNA expression with and without hypoxic conditions. This finding was associated with higher expression of ET-1 mRNA expression in vitamin D treated HUVEC. The increase of eNOS and ET-1 mRNA assumed that ET-1 might contribute to the effect of vitamin D in eNOS expression. Furthermore, siRNA of ET-1 reduced expression of eNOS although vitamin D was administered in HUVEC. Hypoxic conditions also resulted in reduction of eNOS expression after vitamin D treatment. Vitamin D may induce upregulation of eNOS with and without ET-1 contribution. Martínez-Miguel et al. (2014) showed NO production increased in EC culture after vitamin D treatment was associated with ET-1 production and endothelin converting enzyme-1 (ECE-1) activation. This finding showed ECE-1 activity induces ET-1 production. Our result showed increased levels of ET-1 mRNA expression in vitamin D treated HUVEC culture in hypoxic condition. Hypoxia induces an increased level of ET-1 mRNA expression in kidney ischemic/reperfusion model (Arfian et al. 2012) . Our findings support the conclusion that a hypoxic condition might increase ET-1 through upregulation of ET-1 mRNA expression. This result might be different with Martínez-Miguel et al. (2014) which did not induce hypoxic conditions in the EC culture.
Renal endothelial cells injury is induced by many conditions. Hyperglycemia and diabetes play roles in development of microalbuminuria and diabetic nephropathy due to glomerular endothelial dysfunction (Satchell and Braet 2009 , Salmon and Satchell 2012 , Weil et al. 2012 . Endothelial cells of glomerulus protect podocytes from injury and inflammation due to eNOS overexpression (Sun et al. 2013b) . Ischemic condition also produces endothelial injury that influence injury of other cells and progression of diseases (Sutton et al. 2002) . Interaction between renal endothelial cells and other renal cells also stabilize renal function. Diabetic nephropathy induced glomerular endothelial cell fenestration and detachment of podocyte and lead to diseases progression (Weil et al. 2012) . Detachment of pericyte is also responsible for capillary loss and renal ischemia in kidney fibrosis model (Grgic et al. 2012) . These result showed specific renal endothelial cells may influence other related cells and lead to specific result and diseases progression. This condition also provides perspective for performing experiments with renal endothelial cells in the future experiment, especially in elucidating vitamin D/ET-1/eNOS interaction in kidney diseases. Vitamin D through VDR activation induces NO production while inducing eNOS upregulation (Molinari et al. 2011 ), meanwhile Martínez-Miguel et al. (2014 showed ET-1 and ECE-1 contributed to NO induced vitamin D treatment. Another study in co-culture of osteoblast like cells and HUVEC revealed induction of ET-1 after vitamin D treatment (Wang et al. 1997) . We assumed that treatment of vitamin D in this study might induce higher expression of ET-1 and drive eNOS production. ET-1 and ETBR regulates NO production (Liu et al. 2014) . We showed in this study that vitamin D treatment induced upregulation of ETBR in UUO model. Thus, the vitamin D treatment increases eNOSexpression and ameliorated vascular remodeling.
In conclusion, this study highlighted the upregulation of ET-1 and ETBR might relate to eNOS production after vitamin D treatment in kidney fibrosis. Those upregulation might also associate with attenuating vascular remodeling and ischemia. Further study investigating ETBR and VDR signaling using its blocker are also needed for precise mechanism in many kidney injury models.
